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Abstract 
Vast natural gas discoveries have been reported in recent years in the offshore sector of the Rovuma sedimentary basin, 
Mozambique. Subsequently the Mozambique Government approved a natural gas development plan contemplating, amongst 
other scenarios, the construction of natural gas processing plants in the Municipalities of Palma and Pemba.  
The work presented in this article is a preliminary assessment of the CO2 storage potential in the onshore Rovuma Basin, which 
for that purpose was subdivided into four sectors. Only the Palma - Mocímboa da Praia and Macomia - North Pemba sectors are 
conditions suitable for safe CO2 storage. In the Palma - Mocímboa da Praia sector, situated in the NE part of the Rovuma basin, 
where the potential reservoirs are the Alto Jingone/Quissanga Formation and the Mikindani Formation, the prospective storage 
capacity is estimated to range from 150 Mt to 300 Mt. In the Macomia - North Pemba sector, the reservoir consists of the lower 
units of the Pemba Formation, dating from the Upper Jurassic/Lower Cretaceous, with an estimated storage capacity varying 
from 85 Mt to 170 Mt.  
Mozambique seems to present an interesting case in favour of developing CCS projects under in the Clean Development 
Mechanism. This article aims to raise awareness between national authorities and research institutions about the relevance of 
initiating a detailed assessment of the CO2 storage in Mozambique, namely in the Rovuma basin. 
 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of GHGT. 
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1. Introduction 
The importance of deploying CCS in developing countries has been stressed in recent years by institutions such 
as the WRI  [1] and the World Bank [2].  This need has, to a degree, been met by developing countries such as 
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China, Brazil and South Africa, with active or planned CCS projects [3]. Least-developed countries have not seen 
significant activity related to CCS, not only because CO2 emissions are reduced in those countries, but also due to 
the lack of incentives to invest in such a costly technology.  
 
In order to promote the rapid deployment of the CCS technology, in December 2011, the Durban Conference 
approved the admission of CCS projects in the eligible activities under the Clean Development Mechanism (CDM) 
[4], one of the tools created in the Kyoto Protocol to assist in the reduction of CO2 emissions. Investments in CCS 
projects in non-Annex I (least-developed or developing countries) of the Kyoto Protocol can generate Certified 
Emission Reductions (CER) that can be accounted for in the reduction targets of Annex I countries. Thus, a 
motivation is now in place for least-developed countries to identify potential CCS projects that may be attractive for 
submission to the CDM. This article considers this possibility for Mozambique, looking into the storage possibilities 
in this country. 
 
Vast natural gas discoveries have been announced in recent years by ANADARKO and ENI/GALP in the 
offshore Rovuma sedimentary basin. Subsequently, the Government of Mozambique approved the natural gas 
development plan [5], contemplating, amongst other scenarios, the construction of natural gas processing plants in 
the municipalities of Palma and Pemba, both located at seashore. Additionally, ANADARKO has made public its 
intention of building a Liquefied Natural Gas (LNG) plant in the same region, with the first production scheduled 
for 2018 [6]. Natural gas processing and LNG projects are seen as early opportunities for CCS in the CDM projects 
[7, 8]. 
 
There are additional reasons for considering CCS projects in Mozambique. Mozambique holds substantial coal 
deposits, namely in the Moatize and Mucanha-Vuzi coal basins in the Tete province. The Brazilian company VALE 
has invested more than US$300m on development on Moatize coal mine in Mozambique and is producing coal 
since 2011 [9]. Although investments have recently suffered some setbacks, with RIO TINTO selling its position in 
the Benga coal project, and VALE announcing a decrease in production in the Moatize mine, reserves are 
considerable and production of coal from Mozambique is expected to increase.  
 
Coal-to-liquids (CTL) is also being considered in the country, with the company CLEAN CARBON 
INDUSTRIES having  announced a prefeasibility study for a $9.5bn plant that will transform the waste coal in the 
Tete basin into liquid fuels [10]. The prefeasibility study already contemplates capturing the CO2 at the CTL plant 
and its transport by pipeline to the coast and storage in geological formations yet to be identified. 
 
Thus, although Mozambique is by no means a carbon intensive country, given the recent natural gas findings, the 
coal mining activities and CTL plans, it is likely that CO2 emissions will increase significantly in the coming 
decade. Although Mozambique is not bound to a CO2 emissions reduction, the admittance of CCS projects in the 
CDM raises the possibility of considering CCS projects in order to obtain CERs.  
 
The objective of this article is to present a first analysis of the potential for geological storage of CO2 in the 
onshore Rovuma basin, NE Mozambique, where natural gas discoveries occurred and where natural gas processing 
and LNG plants are to be built. The work presented here is not to be seen as a site screening exercise for the region, 
but rather as a first effort to demonstrate that it is worth for Mozambican authorities/institutions to engage in more 
detailed studies, and to indicate priority study regions. 
 
2. Geologic framework of the Rovuma sedimentary basin 
The coastal zone of Mozambique stretches for over 2300 km along the east African continental margin. There are 
two major sedimentary basins in the country; the Mozambique Basin, located in the center and south of the country, 
and the Rovuma Basin [11], the object of this study . The Rovuma Basin is located in NE Mozambique and extends 
to Tanzania and to the continental shelf of both countries (Fig. 1). It covers approximately 29500 km2 [12], of which 
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approximately 23800 km2, are onshore. The onshore sector has a maximum width of about 150 km and a length of 
approximately 400 km. 
The Rovuma basin developed since 165 Ma onwards, a period of active fragmentation of the Gondwana and 
formation of basins in the Indian Ocean. A major period of sedimentation in the Rovuma Basin occurred during the 
Cretaceous, coinciding with the intense erosion caused by uplifted interior Africa. Sedimentation since the 
Oligocene is dominated by the growth of an eastern thickening wedge of deltaic sediments from the Rovuma River 
[11, 12].  
 
Fig. 1 - Geologic map of the Rovuma sedimentary basin, Mozambique. Adapted from Hartzer et al. [13] 
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2.1.  Lithostratigraphy of the Rovuma basin 
This work follows the lithostratigraphy adopted by Key et al. [12] and presented in Table 1. The oldest 
sedimentary formations of the Rovuma Basin were deposited in the Jurassic, over the Karoo supergroup, while the 
recent sedimentary formations correspond to deltaic deposits of the Rovuma river (Fig. 1). 
 
Table 1 – Main sedimentary formations in the Rovuma basin. Based on Key et al. [12] 
   
 
Plio-Pleistocene sediments related to deltaic deposition from the Rovuma river occur in the northernmost 
Rovuma Basin, overlying the Mikindani and Chinda Formations. The base of those recent sediments are at a 
relatively shallow depth (on the order of tens to hundreds of meters), unsuitable for CO2 storage and will not be 
further addressed in this article.  
 
 
 
Formation Period Lithology Thickness and geographic distribution 
Mikindani Fm. 
(TeK) 
Oligocene to 
Pleistocene 
Unconsolidated sands and layers of 
sandstones and conglomerates 
100 m thickness observed in outcrop, but Key et al. 
(2008) report 675 m thickness in the Mocímboa-1 
borehole. Main formation in the north part of the basin. 
Chinda Fm. 
(TeCh) Neogene 
Fine to medium grain sandstones, well 
cemented. 
Outcrops in the Quissanga region  and along a narrow 
strip south from Pemba. 
Quissanga Fm. 
(TeQj) 
Eocene (Lutetian to 
Priabonian) 
Medium-grained sandstone with a 
kaolinitic cement, overlaid by 
fossiliferous limestone 
30 m thickness observed in outcrop, but Key et al. 
(2008) report 1405 m thickness in the Mocímboa-1 
borehole. Outcrops in the Quissanga regionand along a 
narrow strip south from Pemba. 
Alto Jingone Fm. 
(TeQj) 
Lower to Middle 
Paleogene (Lutetian) 
Interbedded bioclastic material, 
varying levels of sand and limestone, 
marl, claystone, with a variety of 
other components such as shells, 
fossils, nodules of limestone, shales, 
foraminifera. 
200 m thick west from Pemba, with thickness increasing 
to the east. The most significant outcrops of this 
formation occur between Macomia and Quissanga and in 
a narrow strip south from Pemba. 
Mifume Fm. 
(CrMf) 
Late Cretaceous 
(Cenomanian to 
Maastrichtian) 
Grey marls and carbonate mudstones, 
with interbedded sandstones up to 70 
cm thick. 
Thickness from 50m to 100 m in outcrop, but Key et 
al.(2008) report 810 m thickness in the  Mocímboa-1 
borehole  
Macomia Fm. 
(CrMo) 
Lower Cretaceous 
(Albian-Aptian) 
Medium to coarse grain sandstones 
and conglomerates  
Thickness usually ranges between 80 and 300 m, but in 
the Mueda outcrops it reaches 500 m. Outcrops along 
the western limit of the Basin, especially along the 
plateau from Mueda to Nangade. 
Pemba Fm.  
(CrPc, CrPs, 
CrPm) 
Upper Jurassic to 
Lower Cretaceous 
CPMR- upper unit - sandstones 
interbedded with mudstones and 
siltstones. 
CRPS –middle unit - predominantly 
sandstone with thickness from 10 cm 
to 1 m. 
CRPC- base unit- sandstones and 
conglomerates with siltstone, 
mudstone and limestone layers. 
Thickness unknown, but increases to offshore, where it 
can reach several hundred meters thick. It is the 
predominant outcropping formation south from 
Macomia (outcrops mostly from the upper unit). 
N’Gapa Fm.  
(TrP) 
Upper Triassic to 
Lower Jurassic 
Sandstones and conglomerates with 
medium to coarse grain size, within a 
silica matrix. 
Thickness not well defined, but in N'Gapa it is about 100 
meters thick. Occurs in areas sometimes very restricted 
and isolated from the basin due to fault movements. 
Rio Mecole Fm. 
(TrM) 
Upper Triassic to 
Lower Jurassic 
Red silicate conglomerates, with 
infrequent layers of sand with gravel. 
Thickness not well defined, but not exceeding 100 m. 
Outcrops in small areas at the west limit, often isolated 
from the basin due to fault movement. 
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2.2.  Geological structure 
The geological structure of the Rovuma Basin, as observed in outcrops, is marked by a gentle slope towards NE. 
Direct information about the geological structure at the depths required for CO2 storage (> 800 m) is scarce, since 
only two deep boreholes, Mecupa-1 (Me-1) and Mocímboa-1 (Mo-1), have been drilled onshore for oil exploration 
purposes (Fig. 1). Perhaps of more interest are the 2D seismic surveys which have been conducted extensively in the 
study area, and of which two examples are shown in Fig. 2.  Fig. 2a illustrates a seismic section in the southern part 
of the basin and oriented roughly E-W, i.e., approximately transversal to the longest axis of the basin and 
encompassing the Mesozoic outcrops north from Pemba (Fig. 1). The section depicts the Jurassic and Cretaceous 
formations overlapping the Karoo and tilting eastward, with Late Triassic salt domes intrusive into the Jurassic. 
Extensional faults affect the entire Mesozoic sequence. The full sedimentary thickness is about 4600 m, with the 
Jurassic/Cretaceous horizon ranging from 1100 m deep (west) to 2300 m (east). The base of the Jurassic reaches 
depths from 2300 m in the west to 4000 m in the east.  
Fig. 2 - a) Seismic section MZ4A-8 (after Salman and Abdula [11]); b) Seismic section MZ4A-56. (after Salman and Abdula [11]). C) Simplified 
stratigraphic logs of boreholes Mo-1, Me-1 and MB-1. See Fig. 1 for location of seismic sections and boreholes. 
 
a b 
c 
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The seismic section shown in Fig. 2b is located at the northern part of the basin, where Cenozoic and modern 
deltaic deposits of the River Rovuma outcrop (Fig. 1). The geological structure is similar to that described for the 
southern part of the basin, with the entire sedimentary sequence from the Jurassic to the Oligocene sloping gently 
eastward, and again with salt domes within the Jurassic. The main difference to the southern part of the basin is the 
larger thickness of the sedimentary sequence, ranging from 2300m to 5800 m, and increasing to the east. The 
Cretaceous/Paleogene horizon lies at minimum depths of around 1000 m, increasing to about 2300 m in the east. 
The top of the Jurassic/Cretaceous horizon ranges from 2300 m to more than 4500 m depth.  
 
It was not possible to access any of the seismic sections striking N-S that illustrate the geological structure along 
the main axis of the basin. Fig. 2c is a simplified representation of the stratigraphic logs of three oil exploration 
boreholes, the aforementioned Mo-1 and Me-1, both located in Mozambique, and MB-1, located on the Tanzania 
part of the Rovuma Basin, in the M’nazi Bay gas field. It is noteworthy the increasing thickness of the sedimentary 
sequence to the north, reflecting the existence of Cenozoic deposits from the Rovuma river, with increasing depths 
to the top of the Mesozoic in the same direction. The Cretaceous outcrops in the south, but is intersected at more 
than 2000 m depth in the Mo-1 borehole and about 3500 m in the Me-1 and MB-1 boreholes. The top of the Jurassic 
was not reached in any of the boreholes. In the northern part of the basin the predominant formations appear to be 
the Paleogene Alto Jingone/Quissanga Formations, more than 2000 m thick in the Me-1 borehole, and at depths 
ranging from 600 m in the Mo-1 borehole to 1250 m in the other two boreholes. Both in the Paleogene and in the 
overlying Miocene, thick sand layers were intercepted and constitute potential reservoirs. Mo-1 borehole also 
intercepted some thick sand layers in the Cretaceous sequence.  
2.3. Hydrogeologic characteristics  
The hydrogeology of the study area is relevant to understand which formations are known to present permeability 
and porosity conditions required for reservoirs, although obviously they can only be considered for CO2 storage as 
long as formation water salinity is too high for water supply purposes. In the absence of data about the petrophysic 
and hydraulic behavior of the formations at suitable depths for CO2 storage (generally more than 800m deep), it is 
necessary to resort to information from shallower groundwater exploration and exploitation.   
 
According to the hydrogeological map of Mozambique [14], in the Rovuma basin groundwater resources are 
used to supply small villages, but boreholes with a reasonable depth are known only in towns located in the coastal 
region. The most productive areas occur in coastal aquifers, where seawater intrusion is a problem. In any case, the 
groundwater productivity is negatively marked by the marls dominating many of the geological formations 
occurring in the Rovuma Basin.  
 
In the western part of the basin, where the Macomia Formation predominates, with thin cover (20-40 m) by the 
Mikindani Formation, good productivity is found in the upper layers, with hydraulic conductivities up to 3-4 m/d, 
and springs discharging (up to 30 l/s of very low salinity groundwater) along the edges of the Mueda and Macomia 
plateaus. Depth to the water level can often exceed 100 m. 
 
In the southern sector of the Rovuma Basin, with predominantly clay and marl layers from the Mifume 
Formation and the upper unit of the Pemba Formation, hydrogeological productivity is very low and groundwater 
tends to brackish. In the E and NE sector of the basin, the calcarenites and limestone reefs that occur in coastal areas 
have medium to high yields, but are vulnerable to saltwater intrusion phenomena.  
 
According to the classification adopted in the Hydrogeological Map of Mozambique [14], which follows 
UNESCO [15], the Meso-Cenozoic formations occurring in the Rovuma Basin are classified as B3 to C2, where B3 
designates aquifers with permeability essentially by fractures or fissures, or karstified aquifers, with productivity 
around 3-10 m3/h, and C2 designates aquifers with very low productivity (<3 m3/h). Following the stratigraphic 
classification adopted in this study, the upper unit of the Pemba and Mifume formations are classified as C2, while 
the Macomia, Alto Jingone/Quissanga and Mikindani formations are classified as B3. 
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3. Potential reservoirs and priority study areas  
The geological formations usually considered suitable for CO2 storage are: 
x hydrocarbon reservoirs, either depleted or in exploration stages, in which case the storage of CO2 is linked to 
Enhanced Oil Recovery - EOR; 
x deep saline aquifers, that is, permeable geologic formations saturated with high water salinity; 
x unminable coal seams. 
 
Coal is an important natural resource in some areas of Mozambique, but there are no occurrences in the Rovuma 
Basin. Also onshore hydrocarbon reservoirs are yet to be found, although there is some potential given the offshore 
natural gas discoveries. Deep saline aquifers are the only credible possibility for the CO2 storage in the Rovuma 
basin. The hydrogeologic characteristics described above provide some evidence about the potential reservoirs and 
seals, and allow distinguishing the following potential reservoirs, whenever they occur saturated with high salinity 
groundwater and at depths higher than 800 m (Fig. 3):  
x Pemba formation, in its two lower units (CrPm, CrPs), with predominantly conglomeratic and sandy features, and 
with caprock provided by the upper term (CrPc) of the same formation, where clay layers predominate, and 
especially by the thick sequence of  marls from the Mifume formation; 
x Alto Jingone /Quissanga Formations (TeQj), which are here included in the same reservoir, with layers of 
limestone reefs and sandstones, sealed by the interlayered shales and marls; 
x Mikindani Formation (TeK), comprising predominantly thick sandstones and conglomerates, but also including, 
extensive clay layers that can act as caprock for the underlying permeable formations. 
 
Fig. 3 – Lithostratigraphy of the Rovuma basin with indication of potential reservoirs and caprocks. Adapted from Key et al.[12]  
The Macomia formation (CrMo), consisting essentially of sandy conglomeratic materials, with appropriate 
hydraulic characteristics and the Chinda formation, which outcrops along rivers, are not regarded as a potential 
reservoirs since they not seem to be covered by suitable caprocks. The N'Gapa and Rio Mecole Formations, known 
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only outside the limits of the basin, and outcropping along faults, are also discarded as potential reservoirs, despite 
the favorable lithologies. 
3.1. Priority study areas 
CO2 storage is more efficient if the fluid is injected in its supercritical phase, which is achieved for pressures of 
7.38 MPa and temperatures of 31.1°C [16]. Under average geothermal heat flow and hydrostatic pressure, these 
conditions usually occur at depths greater than 800 m. On the other hand, the usual decrease of porosity and 
permeability with increasing depth, together with increased costs associated with the injection of a fluid at great 
depths, discourages the selection of reservoirs at depths exceeding 2500 m [17]. 
 
Given the geological structure, with layers sloping gently to NE, and the depths distribution of the potential 
reservoirs, it is believed that the Rovuma Basin should be divided into four sectors for the purpose of assessing the 
potential for CO2 storage (Fig. 4): 
x Mueda – Nangade sector; 
x Palma - Mocímboa da Praia sector; 
x Macomia - North Pemba sector; 
x South Pemba sector. 
Fig. 4 – a) Sectors of the Rovuma sedimentary basin to assess storage of CO2; b) Palma - Mocímboa da Praia sector; c) Macomia - North Pemba 
sector. See geologic legend in Figure 1. 
3.1.1. Mueda - Nangade sector 
The NW area of the Rovuma Basin, especially the area encompassing the districts of Mueda and Nangade, is 
characterized by extensive outcrops of the Mikindani Formation, laying in unconformity over the Macomia 
Formation, which outcrops on the edge of the basin and along watercourses. At the eastern boundary of the Nangade 
district, the Mikindani Formation is covered by a reduced thickness of recent sediments. The N'Gapa Formation 
occurs in isolated outcrops in the contact between the sediments of the Karoo and the Rovuma Basin (Fig. 1). 
b a c 
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In this sector it is unlikely that there are possibilities for CO2 storage, since the Mikindani Formation outcrops 
and is not a caprock for the underlying Macomia Formation. The Mifume Formation, a potential good caprock for 
the Macomia Formation in other parts of the Rovuma Basin, does not occur in this sector.  
3.1.2. Palma - Mocímboa da Praia sector 
The sector north from the river Messalo, roughly encompassing the municipalities of Mocímboa da Praia and 
Palma and extending to the border with Tanzania, defines a sector which is believed to provide good conditions for 
geological storage of CO2 (Fig. 4b). This sector is characterized by outcrops of Plistocene to Recent sediments, 
overlying the Mikindani Formation which outcrops in some areas. Sporadically along watercourses, outcrops of the 
Chinda Formation and Pemba Formation occur. 
This sector includes the only two deep boreholes in the onshore Rovuma Basin, Me-1 and Mo-1. The logs of 
these two boreholes, together with 2-D seismic sections show that the Alto Jingone/Quissanga Formations occur at 
suitable depths and are potential reservoirs. It is also admitted that the heterogeneity of the Mikindani Formation, 
that in some areas occurs deeper than 800 m, allows storing CO2 in the sandy and conglomeratic layers, with seals 
provided by clay layers occurring at the top of the same formation. 
 
3.1.3.  Macomia - North Pemba sector 
The area south from the river Messalo and down to the bay of Pemba, including the municipalities of Macomia, 
Quissanga and the northern part of the Pemba municipality (Fig. 4c), defines a sector in which there is 
predominance of Paleogene (Quissanga/Alto Jingone) Formations, and Cretaceous (Mifume and Pemba) 
Formations, and in the western part of the basin, of the Macomia Formation. The outcrops are still predominantly 
the Mikindani Formation or recent sediments, but this usually occurs at shallow depths, unsuitable for the storage of 
CO2. The Quissanga / Alto Jingone Formations occur sporadically, and the geological structure, combined with 
information from 2-D seismic sections, seems to point to a depth insufficient to ensure supercritical CO2 behavior. 
Nevertheless, and considering the existing information about the petrophysics and hydraulic behavior of several 
units of the Pemba Formation, in this sector the storage opportunities are provided by the lower (CrPc) and 
intermediate (CrPs) units of the Pemba Formation, with good caprock conditions provided by the upper unit of the 
Pemba Formation(CrPm) and specially the Mifume formation. The Macomia Formation either outcrops or has no 
clear seal to prevent leakage of CO2 and cannot be considered as a reservoir.  
3.1.4. South Pemba Sector 
South from Pemba the Rovuma basin narrows considerably, down to 20-25 km wide, and the outcrops are almost 
exclusively from the Pemba Formation, with mainly sandy and conglomeratic layers outcropping along the western 
boundary of the basin. The Mifume Formation, a good caprock for the Pemba Formation, outcrops immediately 
south from Pemba (Fig. 1).  
While it is recognized that the upper unit of the Pemba Formation, with a clay component, may suggest the 
existence of seal to the lower units of the same formation, the fact that the basin is very narrow in this area and that 
all formations outcrops, discourages CO2 storage in this sector.  
 
Thus, given the information available, only two sectors of the Rovuma basin seem to have characteristics suitable 
for the CO2 storage, the Palma-Mocímboa da Praia sector and Macomia-North Pemba sector. 
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4.  Prospective storage capacity 
The geometric and petrophysical characteristics of the reservoir, such as the thickness of the formations, the net-
to-gross ratio, the porosity and effective storage coefficient are required to evaluate the storage capacity. In this case, 
existing information was primarily derived from outcrop observations, published references, seismic sections, the 
two onshore oil exploration boreholes (Me-1 and Mo-1), and from the productive wells in the M'nazi Bay field, 
located in the Tanzanian part of the Rovuma basin.  
The Cenozoic reservoirs are best characterized in the M'nazi Bay natural gas field, with porosities ranging from 
11% to 25% and net-to-gross between 3% and maximum 31% (Table 3).  
 
Table 3 – Data from the boreholes and wells in the M’nazi Bay gas field,  Tanzanian side of the Rovuma Basin [18]. 
Well Unit Thickness (m) 
Net / 
Gross (NG) 
Effective 
Porosity (%) 
Msimbati  #1X Upper k sand 108.06 0.14 0.20 
Lower K sand 19.43 0.23 0.18 
MB-1 Upper k sand 127.88 0.08 0.15 
Lower K sand 71.94 0.21 0.15 
MB-2 Upper k sand 110.63 0.26 0.22 
Lower K sand 60.83 0.22 0.17 
MB-3 Upper k sand 83.74 0.24 0.25 
Lower K sand 96.79 0.31 0.24 
MB-IX Upper k sand 84.44 0.12 0.18 
Lower K sand 52.84 0.03 0.11 
Msimbati Msimbati  NE 155.71 0.19 0.20 
Msimbati Msimbati  NE 
Extension 
155.71 0.19 0.20 
 
To estimate the prospective storage capacity the following volumetric equation, was applied [19]: 
 2 2
I U    CO CO effM A H S NG  (1) 
where MCO2 is the mass of CO2 that can be stored in a saline aquifer with storage area A and average thickness H, 
effective porosity I and net-to-gross NG. The variable Seff represents the efficiency factor, that is, the percentage of 
pore volume that can actually be filled with CO2. Applying this equation to the area of the aquifer delivers a 
prospective storage capacity, defined as the quantity of pore space into which it is estimated, on a given date, that 
CO2 will be technically and economically potentially injectable into as yet undiscovered  storage sites [20]. 
 
In the Palma-Mocímboa da Praia sector, where the potential reservoirs are the Mikindani Formation and the Alto 
Jingone/Quissanga Formations, a CO2 density of 500 kg/m3 was adopted, corresponding to the density of the 
injected CO2 at about 800 m depth, under conditions of average geothermal gradient, since the reservoirs are not 
expected to be very deep. For the Mikindani Formation the minimum thickness observed in outcrop (100 m) was 
adopted, although the formation was intercepted in borehole Mocímboa-1 along 675 m. However, the seal for this 
potential reservoir is provided by the clay interlayered in the formation itself, making it reasonable to adopt a 
reservoir thickness much lower than the total thickness of the formation. 
 
For the Alto Jingone/Quissanga Formation it was adopted the average productive thickness (120 m) found in the 
offshore boreholes that intercepted the formations [21]. 
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The porosities and net-to-gross ratios found in the M’nazi Bay field (table 3) were used as the reference, and 
mean values of 15 % and 25%, respectively, were adopted for both the Mikindani and Alto Jingone/Quissanga 
formations. The definition of the efficiency factor (Seff) followed the criteria set out by Vangkilde-Pedersen et al. 
[19] and values varying from 2% to 4% were assumed.  
 
The total area of the sector is 6900 km2, but storage capacity estimates considered A as 1675 km2, i.e., as the area 
identified as potential plays by the oil exploration industry in Rovuma basin. Therefore, a net-to-total area of 24% 
was considered.  Resorting to equation (1) it is possible to estimate a prospective storage capacity between 150 Mt 
and 300 Mt results for the Palma-Mocímboa da Praia sector. 
 
In the Macomia-North Pemba sector, CO2 storage is possible only in the two lower units of the Pemba 
Formation, with caprock provided by the upper unit of the same formation and by the Mifume Formation, since all 
other potential reservoirs are invariably too shallow. Given the higher depth of the Pemba Formation, a CO2 density 
of 700 kg/m2 was applied, corresponding to the density of CO2 injected at about 1200 m deep, under average 
geothermal gradient and hydrostatic pressure conditions.  
 
The adopted values of porosity and net-to-gross were the same as for the sector Palma - Mocímboa da Praia, 15% 
and 25% respectively, but a lower efficiency factors Seff, varying from 0.5% to 1%, was applied, since there is no 
information about the net-to-total area. There is a complete absence of information about the full thickness of the 
Pemba Formation, which was never fully intercepted in any borehole, although some offshore boreholes intercept it 
along more than 1000 m. Thus, in the absence of reliable information, the prospective storage capacity was 
estimated for a constant thickness of 100 m, which is believed to be on the conservative side, since outcrops always 
indicate the lower units of the Pemba Formation to be thicker than that value. Thus, the estimate presented here is 
seen as the lower limit of the storage capacity of the sector Macomia-North Pemba. Given the total area of 6754 km2 
of the sector, a prospective storage capacity of 85 Mt to 170 Mt is estimated. 
 
5. Conclusions 
The inclusion of CCS in the portfolio of projects eligible under the CDM opens prospects for the possibility of 
implementing CCS projects in least-developed countries. The earliest opportunities for CCS projects are in the 
natural gas processing and LNG sectors. Huge reserves of natural gas have been discovered in recent years in the 
offshore Rovuma basin, NE of Mozambique, and plans are under way to implement natural gas processing and LNG 
plants.  
 
This work carried out an initial assessment of the CO2 storage potential in the onshore Rovuma Basin, which was 
subdivided into four sectors: i) Mueda-Nangade sector, ii) Palma - Mocímboa da Praia sector, iii) Macomia – North 
Pemba sector, and iv) South Pemba sector. Only the in sectors Palma - Mocímboa da Praia and Macomia – North 
Pemba are conditions suitable for safe CO2 storage. 
 
In the Palma - Mocímboa da Praia sector, located in the NE part of the Rovuma basin, the potential reservoirs are 
the Alto Jingone/Quissanga Formation and the Mikindani Formation, with prospective storage capacity estimated 
from 150 Mt to 300 Mt. In the Macomia - North Pemba sector, the reservoir consists of the lower (CrPc) and 
intermediate (CrPs) units of the Pemba Formation, for which a prospective storage capacity from 85 Mt to 170 Mt is 
estimated. 
These two sectors coincide with potential development sites of natural gas processing and LNG industries, 
according to the Mozambique natural gas development plan [5], in which four of the five scenarios include the 
installation of plants in Palma and/or Pemba. Plans for capturing CO2 could benefit from the existing CO2 storage 
capacity in the vicinity of the natural gas facilities, minimizing CO2 transport costs. 
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If CCS under the CDM projects will become a reality in the future, Mozambique seems to present an interesting 
case. Given the time scale required to implement CCS projects, local authorities and research institutions should 
initiate mapping of storage capacity in the Rovuma basin, namely in the two sectors indicated in this article as most 
promising. 
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